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(54) TOROIDAL CONTINUOUSLY VARIABLE TRANSMISSION 

(57) A toroidal type continuously variable transmis- 
sion, in which an input disc and an output disc are ar- 
ranged on the common axis with being opposed to each 
other in the rotatable condition, and in which the rolling 
member is arranged between the input disc and the out- 
put disc, so as to transmit a torque between said input 
disc and said output disc through said rolling member, \ 
by applying the clamping /orce to said Input disc and 
said output disc in said axial direction, characterized by 
comprising a clamping force controllerfor controlling the 
clamping force to be applied to said input disc and said 
output disc based on a physical quantity relevant to heat 
stress of said rolling member. 



Fig, i 

• * 

( START 1 



Calciitate Iniiia) • ■' -HSt 
FtoBng Memb er Teniperalure TO 

■ -t ■ ~ 



Start Tbner 




CataublB Roldna Member 



S4 



I 



CakuUe (he Vaiyins Amount-f-.SS 
of the RoSng Matter Tanoeralure 
AT ATcT1-TD I 




Calotfatettie Compflnsafon 
Anvnounlof Ol Pressure AP 



, (bssid on Sbwsot Signal ' 



r 




Comnand to Reduce 
Endload 0(1 FYessum 

C STOP ) 



3-StO 



Printed by Jouve. 75001 PARIS (PR) 



EP 1 347 215 A1 



Description 

TECHNICAL FIELD 

[0001] This invention relates to a toroidal type (or trac- 
tion type) continuously variable transmission which is 
constructed with clamping rolling members in order to 
transmit a torque between the individual discs through 
the rolling member. 

BACKGROUND ART 



[0002] A continuously variable transmission of this 
kind is constructed with clamping a disc-shaped roller 
between a pair of discs arranged opposed to each other. 
On the outer portion of the opposed face of the pair of 
discs from the predetermined radius, there Is fonned a 
rolling face which has an arcuate shape centered on the 
point set In between the opposed faces of the pair of 
discs. This rolling face is leading to circumferential di- 
rection of each disc. Thus, the rolling face formed on 
each disc and incurved in three-dimensional direction is 
a toroidal plane. In between those rolling faces, a rolling 
member is clamped in a rotatable condition. 
[0003] This rolling member is a disc-shaped member 
and its sectional figure along the In-depth direction of 
the outer circumferential portion in a plane including the 
axis of rotation is congruent with the arcuate figure of 
the rolling face of the disc. Accordingly, the rolling mem- 
ber Is rotated by means of rotating one of the discs, and 
the other disc rotates subsequently. And, a speed 
change ratio in accordance with the proportion of the 
contacting radii Is set by means of adjusting contacting 
radius between the rolling member and one of the disc, 
and contacting radius between the rolling member and 
the other disc, with inclining the rolling member. 
[0004] One example of such toroidal type continuous- 
ly variable transmission is disclosed in Japanese Patent 
Laid-open No. 2000-507667. The toroidal type contin- 
uously variable transmission disclosed in this Japanese 
Patent Laid-Open comprises an Input shaft and an out- 
put shaft arranged in parallel each other. There are ar- 
ranged two each of input discs and output discs on the 
input shaft side. Two of input discs are arranged in an 
axial direction at predetermined interval, and two of out- 
put discs are arranged in between those input discs. 
Two of output discs are constructed integrally with hav- 
ing lis rolling face positioned in both sides of the axial 
direction. And there is provided the rolling face on the 
opposed face of the input discs and output discs respec- 
tively. 

[0005] Also, one of the input disc and Input shaft are 
constructed with being allowed to move relatively in the 
axial direction and to rotate integrally. On the other hand, 
another input disc and input shaft are constructed im- 
possible to move relatively in the axial direction, but pos- 
sible to rotate integrally. One of the input shafts Is ar- 
ranged inside of a cylinder, and a hydraulic chamber is 



formed in the cylinder. On the other hand, two of output 
discs and the input shafts are constructed with being al- 
lowed to rotate relatively, and there is provided a chain 
driveline for transmitting torques of two output shafts to 
s the output shafts. The rolling member is an-anged be- 
tween the input disc and the output disc, and the rolling 
member Is clamped by the rolling faces of each disc. 
[0006] The torque of the Input shaft is transmitted to 
the output disc via the input disc and the rolling member 
'0 then, the torque transmitted to the output disc is trans- 
mitted to the output shaft via the chain driveline. The 
principle of transmission of the torque will be described 
specifically hereafter The facial pressure of the contact 
points between the roller and each disc become high 
'5 pressure, and the torque is transmitted by shearing re- 
sistance of lubricating oil being interposed between the 
rolling member and each rotary member It is so- called 
traction transmission. In short, the torque capacity be- 
tween the input disc and the output disc is changed ac- 
20 cording to thrust force of each disc against the rolling 
member And according to the continuously variable 
transmission disclosed in the above-mentioned Laid- 
Open, the clamping force of each disc is controlled by 
controlling an oil pressure of a hydraulic chamber which 
is formed inside of the cylinder 

[0007] As mentioned above, transmission of the 
torque in the continuously variable transmission is exe- 
cuted according to the load (pressure) to thnjst each 
disc and the rolling member Therefore, the bigger 
30 torque to be transmitted becomes, the more clamping 
force for clamping the rolling member increases. In con- 
sequence, the amount of heat generated between each 
disc and the rolling member becomes bigger thereby 
the rolling member intends to expand. However, since 
35 the clamping force is applied to each disc in the axial 
direction and expansion of the rolling member is thereby 
prevented, a heat stress is increased inside of the rolling 
member As a result, the facial pressure between each 
disc and the rolling member becomes higher needlessly, 
^o i.e., higher than the facial pressure according to the 
torque to be transmitted. Accordingly, there is a possi- 
bility to deteriorate duration of the life of the rolling mem- 
ber According to the invention disclosed in the above- 
mentioned Laid- Open, however there is no recognition 
45 of the relation between clamping force in the axial direc- 
tion to be provided for each disc and the temperature. 
Accordingly, there is room for improvement with respect 
to this point. 

[0008] This invention has been conceived noting the 
50 aforementioned technical problem and has an object to 
provide a toroidal type continuously variable transmis- 
sion which can improve the endurance of the rolling 
member to be clamped between the input disc and the 
output disc. 

55 

DISCLOSURE OF THE INVENTION 



[0009] In order to achieve the aforementioned object. 
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there is provided a toroidal type continuously variable 
Iransmission. in which an input disc and an output disc 
are arranged on the connmon axis in the rotatable con- 
dition with being opposed to each other and in which 
the rolling member is arranged between the input disc 5 
and the output disc, so as to transmit a torque between 
the input disc and the output disc through the rolling 
member by applying a clamping force to the input disc 
and the output disc In the axial direction, characterized 
by comprising: a clamping force controller for controlling io 
the clamping force to be applied to said input disc and 
said output disc based on a physical quantity relevant 
to heat stress of said rolling member. 
[0010] According to the present invention, therefore, 
the clamping force to be applied to the input disc and '5 
the output disc in the axial direction is controlled based 
on the physical quantity relevant to heat stress of the 
rolling member. Accordingly, increase of the heat stress 
generated on the rolling member is suppressed even in 
case of the rolling member intends to expand. 20 
[0011] The clamping force controller may be con- 
structed to have a function to control the clamping force 
to be applied to the input disc and the output disc in ac- 
cordance with the temperature of the rolling member 
[0012] With this construction, the clamping force to be 2s 
applied to the input disc and the output disc in the axial 
direction is controlled based on the temperature of the 
rolling member, therefore, increase of the heat stress 
generated on the rolling member is suppressed even In 
case of the rolling member intends to expand. 30 
[001 3] On the other hand, the clamping force control- 
ling device according to the present Invention may also 
be constructed to have a function to control the clamping 
force to be applied to the input disc and the output disc 
based on the temperature of lubricating oil to be Inter- 35 
posed between the input disc and the output disc. 
[001 4] With this construction, the clamping force to be 
applied to the input disc and the output disc in the axial 
direction is controlled based on the temperature of the 
lubricating oil, therefore, increase of the heat stress gen- 40 
erated on the rolling member Is suppressed even In case 
of the rolling member intends to expand. 
[0015] Moreover, the clamping force controller ac- 
cording to the present invention may also be construct- 
ed to have a function to reduce the clamping force to be 4S 
applied to the Input disc and said output disc, in case 
that the temperature of the rolling member or the lubri- 
cating oil excess the predetennined increasing amount 
of the temperature. 

[001 6] With this construction , therefore, the clamping so 
force to be applied to the input disc and the output disc 
is reduced In case that the temperature of the rolling 
member or the lubricating oil excess the predetemilned 
increasing amount of the temperature. 
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BRIEF DESCRIPTION OF THE DRAWING 
[0017] 

Fig. 1 is a flowchart describing a control example of 
the toroidal type continuously variable transmission 
according to this invention; 

Fig. 2 is a conceptual diagram showing an example 
of construction of the toroidal type continuously var- 
iable transmission according to this invention and 
its control system; 

Fig. 3 is a flowchart describing another control ex- 
ample of the toroidal type continuously variable 
transmission according to this invention; and 
Fig. 4 is a time chart corresponding to the control 
example of Fig. 1 and Fig. 2, 

BEST MODE FOR CARRYING OUT THE INVENTION 



[0018] Next, this invention will be described in con- 
nection with a specific embodiment with reference to the 
drawings. Fig, 2 is a diagram showing one example of 
the continuously variable transmission in which the 
present Invention is applied. More specifically, It is a con- 
ceptual diagram showing the construction of the double 
cavity type toroidal type continuously variable transmis- 
sion 1 and the control system of continuously variable 
transmission 1. The continuously variable transmission 

1 comprises an input shaft (not shown) and an output 
shaft 2, and a motive energy (i.e., a torque) outputted 
from a power source such as an engine (not shown) is 
transmitted to the input shaft. 

[0019] Round shaped input discs 3 and 4 are installed 
on the output shaft 2. Those pair of input discs 3, 4 and 
the output shaft 2 are connected with being allowed to 
rotate relatively, and input discs 3,4 and the output shaft 

2 are connected with being allowed to move relatively 
in the axial direction. Besides, the pair of input discs 3 
and 4 are connected with being allowed to rotate inte- 
grally, and the input shaft and the pair of input discs 3, 
4 are connected through a motive energy transmission 
equipment (not shown) such as a chain or a gear 
[0020] Moreover, round shaped output discs 5 and 6 
are provided in the position opposed to the pair of input 
discs 3 and 4 in the axial direction of the output shaft 2. 
Namely, the pair of input discs 3 and 4 are arranged be- 
tween a pair of the output discs 5 and 6. In other words, 
the pair of input discs 3, 4 and the pair of output discs 
5, 6 are arranged serially in the axial direction of the out- 
put shaft 2. 

[0021] Aforementioned input discs 3, 4 and output 
discs 5, 6 are formed to have its rolling faces 7, 8 being 
opposed each other as a full-toroidal face, likewise the 
toroidal type continuously variable transmission accord- 
ing to prior art. Those rolling faces 7, 8 are formed into 
round shape with centered on an axis A1 of the output 
shaft 2. Also, each rolling face 7, 8 has a shape as spe- 
cifically described hereafter 
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[0022] That is, the sectional shape of the rolling faces 
7, 8 in the plane including the axis A1 of the output shaft 
2 is constructed Into arcuate shape which has a constant 
radius with being incurved and centered on the point 
(not shown) set individually in between the input disc 3 s 
and the output disc 5, and in between the input disc 4 
and the output disc 6 as its center of curvature. Namely, 
each rolling face 7, 8 has a shape such that the inter- 
mediate portion between its inner circumferential end 
and its outer circumferential end is the most sunl<en (re- io 
cessed) portion, in the radial direction of each discs 3, 
4, 5 and 6. 

[0023] Also, a plurality of power rollers 9 is arranged 
at a regular interval between the input disc 3 and the 
output disc 5, i.e., between the rolling faces 7 and 8 (a is 
cav'iiy, in other words) in the circumferential direction 
centered on the axis A1 of the output shaft 2. Moreover, 
-a plurality of power rollers 10 Is arranged at a regular 
Interval between the input disc 4 and the output disc 6, 
i.e., between the rolling faces 7 and 8 in the circumfer- 20 
ential direction centered on the input shaft. 
[0024] Those power rollers 9 and 1 0 are disc shaped 
members and each power rollers 9 and 10 are held In 
rotatable condition with centered on the axial line (not 
shown). Also, power rollers 9 and 1 0 are held allowable 25 
to change the angle between the axis A1 of the output 
shaft 2 and the axis of the power rollers 9, 10, in the 
plane Including the axis A1 of the output shaft 2. More- 
over, an actuator 1 8 such as a hydraulic cylinder having 
a function to move the power rollers 9 and 1 0 backward 30 
and forward in the direction to cross its axis line. 
[0025] Furthermore, the outer circumference of each 
power roller 9 and 1 0 has a sectional shape formed Into 
a curved face of a curvature equal to that of arc of each 
rolling face 7 and 8 in the plane including the axis A1 of 35 
the output shaft 2. Accordingly, the outer circumferential 
face of the power roller 9 contacts with the rolling face 
7 of the input disc 3 and the rolling face 8 of the output 
disc 5. Also, the outer circumferential face of the power 
roller 1 0 contacts with the rolling face 7 of the input disc 40 
4 and the rolling face 8 of the output disc 6. Accordingly, 
if each disc 9. 1 0 is moved backward and forward by the 
actuator 18, the angle of inclination of the power rollers 
9, 1 0 are changed by a sideslip force generated on the 
contact portions between each disc 9, 1 0 and the rolling 45 
faces 7, 8. and the radii of the contact portions between 
the power rollers 9, 10 and the rolling faces 7, 8 are 
thereby adjusted. Besides, as to be mentioned below, 
outer circumferential face of each rolling face 7, 8 and 
each power rollers 9, 1 0 are not contacted directory, be- so 
cause the lubricating oil exists in between each rolling 
face 7, 8 and each power rollers 9, 10. However, it is 
occasionally expressed as "contact** In this embodiment 
for the sake of convenience. 

[0026] Next, a clamping force controlling mechanism ss 
for controlling the clamping force of each disc 3=4,5 and 
6 for each power roller 9, 1 0 will be described hereinaf- 
ter. A round shaped drum 11 is fixed In the position 



where the outer circumferential face of the output shaft 
2 and facing to the side face in the opposite side of the 
rolling face 8 of one of the output disc 6. Also, a round 
shaped hydraulic chamber 12 is formed in the space 
surrounded by the outer circumferential face of the out- 
put shaft 2, the drum 11 , and the output disc 6. An O- 
ring 13 is arranged between the output disc 6 and the 
drum 11 , and the hydraulic chamber 12 is sealed by the 
O-ring 13 liquid tightly. Thus, the hydraulic chamber 12 
is arranged in one of the end side of the axial direction 
against each disc 3, 4, 5 and 6. 

[0027] The output disc 6 is pressed by the oil pressure 
of the hydraulic chamber 1 2 in the direction getting away 
from the drum 11 , in other words, in the direction getting 
closer to the output disc 5. Besides, there is arranged a 
regulation member (not shown) for regulating the dis- 
tance between the output disc 6 and the dnjm 1 1 not to 
be shorter than the predetemiined value in the axial di- 
rection oftheoutputshaft2. Moreover, there is arranged 
a regulation member (not shown) for regulating the dis- 
tance between the output disc 5 and the drum 1 1 not to 
be further than the predetermined value in the axial di- 
rection of the output shaft 2. 

[0028] In the output shaft 2, there is provided an oil 
passage 13 for being communicated with the hydraulic 
chamber 12. A solenoid valve 14 is connected to the oil 
passage 13, and the lubricating oil in an oil reservoir 15 
is pumped by a hydraulic pump 1 6. Then, the oil pres- 
sure of the discharging side of the hydraulic pump 1 6 is 
regulated by the solenoid valve 14 and acts on the hy- 
draulic chamber 12. 

[0029] Also, there is provided an electronic control 
unit 17 (control unit) for controlling the solenoid valve 
14. The electronic control unit 1 7 is constructed mainly 
of a microcomputer having a processor (CPU or MPU), 
a storage device (RAM and ROM) and an input and out- 
put interface. A signal from a rolling member tempera- 
ture detecting means 1 9, a signal from a lubricating oil 
temperature detecting means 20, a signal from a shift 
position sensor 21 for detecting the operating status of 
a shift position selecting device of the continuously var- 
iable transmission 1 , a signal from a throttle position 
sensor 22 for detecting the opening of the throttle valve 
(not shown) of an engine as a power source, a signal 
from a vehicle speed sensor 23 for detecting the number 
of revolutions of the output shaft 2, a signal from a brake 
switch 24, a signal from an engine speed sensor 25. a 
signal from an accelerator opening sensor 26, and a sig- 
nal from a torque sensor 27 for detecting the torque of 
the output shaft 2 are inputted into the electronic control 
unit 1 7. Also, a signal for controlling an actuator 1 8, and 
a signal for controlling the solenoid valve 14 are output- 
ted from the electronic control unit 1 7 based on the sig- 
nals to be inputted into the electronic control unit 1 7 and 
data stored In the electronic control unit 17. 
[0030] The lubricating oil temperature detecting 
means 20 is a means for delecting the temperature of 
the lubricating oil In the oil reservoir 15 directly. Also, the 
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rolling member temperature detecting means 19 is a 
means for detecting the temperature of the rolling mem- 
bers 9 and 10 directly. In this connection, a means for 
obtaining the temperature of the rolling member 9 and 
1 0 Indirectly by processing the signals and the data of s 
the rolling member 9 and 1 0 other than the temperature 
may also be employed Instead of the means for detect- 
ing the temperature of the rolling members 9 and 10 di- 
rectly. 

[0031] As the means for obtaining the temperature of w 
the rolling member 9 and 1 0 indirectly, following means 
may be employed, for example; a means for calculating 
the temperature of the rolling members 9 and 10 based 
on the signal of the lubricating oil temperature detecting 
means 20; or a means for calculating the temperature is 
of the rolling members 9. 10 by obtaining the energy 
converted at the continuously variable transmission 1 
with calculating the difference between the input energy 
to the continuously variable transmission 1 and the out- 
put energy from the continuously variable transmission 20 
1, then, calculating based on the heat energy and the 
heat radiating amount, or the heat capacity of the con- 
tinuously variable transmission 1 and the like. The Input 
energy to the continuously variable transmission 1 may 
be calculated based on the engine speed or the throttle 25 
opening of the engine as the power source. 
[0032] Here, the output energy of the continuously 
variable transmission 1 may be calculated based on the 
number of revolutions of the output shaft 2, or the output 
torque. A clamping force controller Is constructed of the 30 
electronic control unit 1 7, the solenoid valve 1 4, the hy- 
draulic chamber 12, the oil passage 13, the drum 11 and 
so on. Here will be described the relation between the 
constnjction shown in Fig. 1 and the construction ac- 
cording to the present invention. The power rollers 9, 1 0 35 
correspond ,to the roiling member of the present inven- 
tion. 

[0033] Next the operation and the control of the sys- 
tem shown in Fig. 2 will be described hereafter. The 
torque of the prime mover is transmitted to the input 40 
discs 3 and 4 through the Input shaft. On the other hand, 
the running status of a vehicle is decided based on the 
signal to be inputted to the electronic control unit 17, for 
example, the signal from the vehicle speed sensor 23, 
and the signal from the accelerator opening sensor 26. 45 
Then, a target input speed or a target speed change ra- 
tio of the continuously variable transmission 1 Is calcu- 
lated based on the decision result. The actuator is con- 
trolled in accordance with the calculation result of the 
target input speed or the target speedchange ratio. That 50 
Is, each power roller 9 and 10 is moved in the direction 
parallel with its rotating plane, and each power roller 9 
and 1 0 is inclined by the sideslip force generated on the 
contact portion between the power rollers 9, 10 and 
each discs 3, 4, 6, and 6 consequently. Besides, each ss 
power roller 9 and 10 rotate with inclining to return to its 
positions prior to be moved by the actuator. The radii of 
the contact portions between the power rollers 9, 1 0 and 



the rolling faces 7, 8 are thus changed, and the speed 
change ratio of the continuously variable transmission 
1 is thereby controlled. 

[0034] On the other hand, a target oil pressure PI is 
basically calculated according to the torque to be input- 
ted to the input discs 3 and 4. The torques to be inputted 
to the input discs 3 and 4 are calculated based on, e.g., 
the signal from the engine speed sensor 25, a signal 
from the throttle position sensor 22 and so on. And the 
solenoid valve 14 is controlled in accordance with the 
calculation result of the torques to be inputted to the in- 
put discs 3, 4, and the oil pressure of the hydraulic cham- 
ber 1 2 is thereby regulated. 

[0035] When the oil pressure of the hydraulic cham- 
ber 12 (i.e., end load oil pressure) is thus controlled, the 
output disc 6 is thrust in the axial direction toward the 
side of the output disc 5. Then, the thrust force is trans- 
mitted to the output disc 5 through the power roller 10. 
the input disc 3, 4, and the power roller 9. Here, the out- 
put disc 5 is regulated in the direction not to depart from 
the drum 11 more than the predetermined distance, 
therefore, the power roller 1 0 is held by the Input disc 4 
and the output disc 6, and the power roller 9 is held by 
the input disc 3 and the output disc 5. Thus, the status 
becomes so-called traction transmitting status, wherein 
the facial pressure of the contact portions between the 
power rollers 9, 10 and the rolling faces 7, 8 are regu- 
lated to a target facial pressure a corresponding to the 
oil pressure of the hydraulic chamber 12, and wherein 
the torque is transmitted by the shearing resistance of 
the lubricating oil existing between the power rollers 9, 
1 0 and the rolling faces 7, 8. 

[0036] Basically, the oil pressure of the hydraulic 
chamber 12 is controlled based on a torque to be input- 
ted to the input discs 3, 4 and so on, as mentioned 
above. Hence, the bigger torque to be transmitted to the 
output discs 5, 6 from the input discs 3, 4, the higher oil 
pressure of the hydraulic chamber 12 is regulated. As a 
result, the clamping force in the axial direction acting on 
the power roller 9, 1 0 becomes bigger, and the amount 
of heat generated between each disc 3, A, 5, 6 and the 
power roller 9, 10 Increases subsequently, and thereby 
the power rollers 9, 10 intend to expand. However, be- 
cause the clamping force is applied to the power rollers 
9, 10 by each disc 3, 4, 5, and 6 in the axial direction, 
the expansion of those rollers is thereby prevented. 
Therefore, there Is a possibility for the heat stress gen- 
erated inside of the power rollers 9, 10 to be increased. 
[0037] A control example for suppressing such in- 
crease of the heat stress is shown in the flowchart of 
Fig. 1 . In Fig. 1 , first of all, an initial rolling member tem- 
perature TO is calculated based on the signal from the 
rolling member temperature detecting means 19 (Step 
SI). Then, start a timer (Step 32), and it is decided 
whether or not the measured time t of the timer exceeds 
the predetermined time t1 (Step S3). If the answer of 
Step S3 is NO, Step S3 is continued. On the other hand, 
if the answer of Step S3 is YES, a rolling member tem- 
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perature T1 at after the (apse in the predetermined time 
11 is calculaled based on the signal from the rolling 
member temperature detecting means 1 9 (Step S4). 
[0038] Moreover a temperature varying amount of 
the rolling member (specifically, the amount of temper- s 
ature rise) i\ T is calculated by subtracting the initial roll- 
ing member temperature TO from the rolling member 
lemperalure T1 (Slep S5). Then, it is decided whether 
or not the temperature varying amount of the rolling 
member AT exceeds the threshold T2 (Step 56), If the . io 
answer of Step 86 is NO, the routine is returned to Step 
S2, and if the answer of Step S6 is YES, the compen- 
sation amount of oil pressure A P corresponding to the 
heal stress of the power roller 9 and 10 generated from 
AT is calculated (Step S7). /5 
[0039] Furthermore, the status of a vehicle is estimat- 
ed based on the signals to be inputted to the electronic 
controlling device 17, e.g.. a signal from the shift posi- 
tion sensor 21 , a signal from the throttle position sensor 
22, a signal from the vehicle speed sensor 23, a signal 20 
from the brake switch 24 and so on (Step S8). Then, it 
Is decided whether or not there Is a possibility to occur 
a slippage between each disc 3, 4, 5, 6, and each power 
roller 9, 1 0 with assuming the case to execute the control 
for reducing the compensation amount of the oil pres- 25 
sure AP from the target oil pressure P1 under the status 
of the vehicle estimated at Step S8, (Step S9), If the 
answer of Step S9 is YES, the routine is returned to Step 
38, and If the answer of Step S9 is NO, a command for 
reducing the oil pressure of the hydraulic chamber 12, 30 
i.e., for reducing the compensation amount of the oil 
pressure A P from the target oil pressure PI is outputted 
(Step SI 0), and this control routine is finished. Besides, 
in the control example of Fig. 1, a routine such as ad- 
vancing to Step S1 0 from Step S8 directly with skipping as 
Slep S9 may also be employed. 

[0040] Nexl, another control example to suppress the 
increasing of the heat stress generated inside of the 
power rollers 9 and 10 is described in Fig. 3. In Fig. 3, 
the initial rolling member temperature TO is measured 40 
first of all (Step S1 1 ), and the routine Is advanced to Step 
S13 via Step SI 2. Content of Step S12 is same as the 
content of Step 82 in Fig. 1 , and content of Step S13 is 
same as the content of Step S3 in Fig. 1 . Besides, if the 
answer of Step 51 3 is NO. Step 51 3 is continued. 4S 
[0041] In Fig. 3, if the answer of Step S13 is YES, the 
rolling member temperature T1 at after the lapse in the 
predetermined time t1 is measured (Step S14). Then, 
the temperature varying amount of the rolling member 
AT Is calculated by subtracting the initial rolling member so 
temperature TO from the rolling member temperature T1 
(Step SIS). Moreover, It is decided whether or not the 
temperature varying amount (specifically, the tempera- 
lure increasing amount) of the rolling member A T ex- 
ceeds the threshold T2 (Step SI 6). If the answer of Step ss 
SI 6 is NO, the routine is returned to Step SI 2, and if 
the answer of Step S16 is YES, the routine is advanced 
to Step S1 9 via Steps SI 7 and SIS. Then, if the answer 



of Step 19 Is YES, the routine is returned to Step 818, 
if the answer of Step SI 9 is NO, the routine is advanced 
to Step S20 and the routine is finished. 
[0042] Here, the content of Step S1 7 is congment with 
the content of Step S7 in Fig. 1 , the content of Step S1 8 
is congruent with the contents of Step 88 In Fig. 1 , the 
content of Step S 1 9 is co ngruent with the content of Step 
S9 In Fig. 1, and the content of Slep S20 is congruent 
with the content of Step 510 in Fig, 1. Besides, in the 
control example of Fig. 3. a routine such as advancing 
to Step S20 from Step 818 directly with skipping Step 
S19 may also be employed. 

[0043] One example of a time chart associated with 
Fig. 1 and Fig. 3 Is shown in Fig. 4, The oil pressure of 
the hydraulic chamber 1 2 (an end load oil pressure), the 
facial pressure between the power rollers 9, 1 0 and each 
discs 3, 4, 5, 6 (an actual facial pressure of the rolling 
members), and the temperature of the power roller 9, 
10 or the lubricating oil are shown In Fig. 4 chronologi- 
cally. If the answer of aforementioned Step SB in Fig. 1 
or Step S16 in Fig. 3 is NO, the oil pressure of the hy- 
draulic chamber 12 is controlled as the target oil pres- 
sure P1. The temperature of the power roller 9 and 10 
or the lubricating oil rise gradually after that, and the fa- 
cial pressure between the power rollers 9, 10 and each 
discs 3, 4, 5, 6 rise higher than the target facial pressure 
a . 

[0044] Then, if the answer of Step 86 in Fig. 1 or Step 
SI 6 In Fig. 3 is YES at the time t3, the oil pressure of 
the hydraulic chamber 12 Is controlled as the oil pres- 
sure, which is obtained by subtracting the compensation 
amount of the oil pressure A P from the target oil pres- 
sure P1 . Also, the temperature of the power roller 9 and 
10 or the lubricating oil become constant, and the facial 
pressure between the power rollers 9, 1 0 and each disc 
3, 4, 5, 6 is controlled as the constant target facial pres- 
sure a. Besides, at prior to the lime 13, the generally tri- 
angle area (the area depicted with diagonal lines) 
formed of the target facial pressure a depicted with a 
dotted line, and the actual facial pressure depicted with 
a full line, is the increasing amount of the facial pressure 
resulted from the heat stress of Ihe power rollers 9 and 
1 0. Also, in Fig. 4, the oil pressure of the hydraulic cham- 
ber 12 is reduced drastically at the time t3; however, re- 
ducing mode of the oil pressure of the hydraulic cham- 
ber 12 may be arbitrarily set, such as, reducing the oil 
pressure of the hydraulic chamber 12 with a plurality of 
steps, or reducing with a gradual inclination character- 
istic. 

[0045] Here, to describe the relation between the con- 
struction of the example shown in Figs. 1 , 3 and the con- 
struction according to the present invention, the device 
for executing Step 81 or Step SI 0 in Fig. 1, and Step 
S11 or Slep 820 in Fig. 3 corresponds to Ihe clamping 
force controlling device according to the present inven- 
tion. 

[0046] As described above, according to the control 
example of Fig. 1 or Rg. 3, the clamping force applied 
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to the input discs 3, 4 and the output discs 5, 6 in the 
axial direction is reduced as the pressure obtained by 
subtracting the compensation amount of the oil pressure 
AP from the target oil pressure PI, when the physical 
quantity relevant to the temperature of the power rollers s 
9 and 1 0, specifically, the Increasing amount of the tem- 
perature of the power roller 9 and 10 or the lubricating 
oil exceeds the predetermined increasing amount. 
Therefore, increasing of the heat stress generated on 
the power rollers 9. 10 is suppressed, and the facial io 
pressure between the power rollers 9, 1 0 and each disc 
3, 4. 5, 6 is prevented from increasing more than nec- 
essary, i.e., Increasing more than the facial pressure 
corresponds lo the torque to be transmitted. According- 
ly, durability of the power rollers 9 and 1 0 is thereby im- is 
proved. 

[0047] Besides, the continuously variable transmis- 
sion 1 as depicted in Fig. 2 is a double cavity type con- 
tinuously variable transmission, which comprises two 
cavities as spaces for accommodating two power rollers 20 
9 and 10; however, the present invention may also be 
applied to a single cavity type continuously variable 
transmission which comprises one cavity. Moreover, the 
present invention may also be applied to a half toroidal 
type continuously variable transmission. 25 
[0048] Here will be synthetically described the advan- 
tages to be attained by this invention. According to the 
present invention, as has been described hereinbefore, 
the clamping force in the axial direction which is applied 
to the input disc and the output disc is controlled based 30 
on the physical amount relevant to the heat stress of the 
rolling member. Therefore, increasing of the heat stress 
generated on the rolling member Is suppressed even In 
case of the rolling member intends to expand due to 
change of physical amount relevant to the heat stress 
of the rolling member. Accordingly, increasing of the fa- 
cial pressure between the rolling member and each disc 
can be avoided, and the life duration of the rolling mem- 
ber is thereby improved, 

[0049] According to the present invention, the clamp- 
ing force to be applied to the Input disc and the output 
disc in the axial direction is controlled based on the tem- 
perature of the rolling member, so that the heat stress 
acting on the rolling member may be suppressed. And 
moreover, the life duration of the rolling member or the 
continuously variable transmission may be improved. 
[0050] Likewise, according to the present Invention, 
the clamping force to be applied to the input disc and 
the output disc in the axial direction is controlled based 4. 
on the temperature of the lubricating oil, so that the heat 
stress acting on the rolling member may be suppressed. 
And moreover, the life duration of the rolling member or 
the continuously variable transmission may be im- 
proved. 

[0051] Furthermore, according to the present inven- 
tion, the clamping force of the input discs and the output 
discs for clamping the rolling member may be reduced 
in case that the increasing amount of the temperature 
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of the rolling member or the lubricating oil exceeds the 
predetermined increasing amount. 

INDUSTRIAL APPLICABILITY 

[0052] This invention can be utilized in the field for 
manufacturing the continuously variable transmission 
and in the field for using the continuously variable trans- 
mission. Especially, this invention can be utilized in the 
Tfeld relating to an automobile having the continuously 
variable transmission mounted thereon. 



Claims 

1 . A toroidal type continuously variable transmission, 
in which an input disc and an output disc are ar- 
ranged on the common axis in the rotatable condi- 
tion with being opposed to each other, and in which 
a rolling member is an-anged between the input disc 
and the output disc, so as to transmit a torque be- 
tween said input disc and said output disc through 
said rolling member, by applying a clamping force 
to said input disc and said output disc in said axial 
direction, characterized by comprising: 

a clamping force controller for controlling the 
clamping force to be applied to said input disc 
and said output disc based on a physical quan- 
tity relevantto a heat stress of said rolling mem- 
ber. 

1. A toroidal type continuously variable transmission 
according to Claim 1 , characterized: 

in that said clamp ing force controller includes 
a device for controlling the damping force to be ap- 
plied to said input disc and said output disc in ac- 
cordance with a temperature of said rolling member. 

. A toroidal type continuously variable transmission 
acconding to Claim 1 , characterized: 

in that said clamping force controller includes 
a device for controlling the clamping force to be ap- 
plied to said input disc and said output disc in ac- 
cordance with a temperature of lubricating oil to be 
interposed between said input disc and said output 
disc. 

A toroidal type continuously variable transmission 
according to Claim 3, characterized; 

in that said clamping force controller Includes 
a device for reducing the clamping force to be ap- 
plied to said Input disc and said output disc, in case 
that the temperature of the rolling member or the 
lubricating oil exceeds the predetermined increas- 
ing amount of the temperature. 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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